Bacterial sepsis often precedes the development of the adult respiratory distress syndrome (ARDS) and bacterial endotoxin (LPS) produces a syndrome similar to ARDS when infused into experimental animals. We determined in isolated, bufferperfused rabbit lungs, free of plasma and circulating blood cells that LPS synergized with platelet activating factor (PAF) to injure the lung. In lungs perfused for 2 h with LPS-free buffer (< 100 pg/ml), stimulation with 1, 10, or 100 nM PAF produced transient pulmonary hypertension and minimal edema. Lungs perfused for 2 h with buffer containing 100 ng/ml of Escherichia coli 011 1:B4 LPS had slight elevation of pulmonary artery pressure (PAP) and did not develop edema. In contrast, lungs exposed to 100 ng/ml of LPS for 2 h had marked increases in PAP and developed significant edema when stimulated with PAF. LPS treatment increased capillary filtration coefficient, suggesting that capillary leak contributed to pulmonary edema. LPS-primed, PAF-stimulated lungs had enhanced production of thromboxane B2 (TXB) and 6-ketoprostaglandin F1 alpha (6KPF). Indomethacin completely inhibited PAF-stimulated production of TXB and 6KPF in control and LPS-primed preparations, did not inhibit the rise in PAP produced by PAF in control lungs, but blocked the exaggerated rise in PAP and edema seen in LPS-primed, PAFstimulated lungs. The thromboxane synthetase inhibitor dazoxiben, and the thromboxane receptor antagonist, SQ 29,548, similarly inhibited LPS-primed pulmonary hypertension and edema after PAF-stimulation. These studies indicate that LPS primes the lung for enhanced injury in response to the physiologic mediator PAF by amplifying the synthesis and release of thromboxane in lung tissue. (J. Clin. Invest. 1990Invest. . 85:1135Invest. -1143.) endotoxin * thromboxane -platelet activating factoradult respiratory distress priming syndrome Introduction Acute lung injury occurring in association with the adult respiratory distress syndrome (ARDS)' appears to result from an
inflammatory reaction in the lung. Pulmonary capillaries are occluded with aggregates of polymorphonuclear leukocytes (PMN) and platelet-fibrin thrombi (1) . The end result of this local inflammatory process is damage to the endothelium of the pulmonary capillaries with leakage of plasma and cellular elements of blood across a normally impermeable barrier into the interstitial and alveolar spaces of the lung. Physiologically this injury is associated with pulmonary arterial hypertension along with ventilation-perfusion mismatching, and severely impaired gas exchange in the lung (2) . Inflammatory mediators derived from plasma through activation of the complement and coagulation cascades as well as lipid mediators, protein cytokines, proteolytic enzymes, and reactive species of oxygen released by leukocytes and platelets in the circulation and resident inflammatory cells in the lung are thought to be responsible for this injury (3) . Release of these mediators may initiate a self-perpetuating chain reaction through recruitment of circulating leukocytes and platelets to the lung and by stimulating the production of additional inflammatory mediators by effector cells in the lung. It is likely that multiple inflammatory mediators and cell types acting synergistically are necessary to produce the degree of injury found in the lungs of patients with ARDS.
In inflammatory shock syndromes like ARDS, complex interactions between multiple cell types and mediators occur. Attempts to implicate a single causative event, for example complement activation (4) , as the sole factor responsible for these forms of injury have been unsuccessful. We (5) . In vitro experiments demonstrate that stimuli in submaximal or even ineffective concentrations are able to "prime" inflammatory cells for an enhanced response to a second stimulus (6) . On a subcellular level, priming is thought to be mediated through the interaction of stimulus-response coupling mechanisms such as the G-proteins, cyclic nucleotides, intracellular calcium levels, activation of phospholipases, and activation of protein kinases (7) . A similar sequence of events may occur in vivo to amplify the response of inflammatory cells to small concentrations of stimulatory mediators. The explosive shock-like injury of sequential, nonlethal doses of endotoxin in the Shwartzman reaction suggests this possibility.
Bacterial sepsis, in particular infection with gram negative bacilli, commonly precedes the development of ARDS (8) . Endotoxin (LPS), the lipopolysaccharide present in the outer cell membrane of gram negative organisms, reproduces the pathophysiologic manifestations of sepsis when administered cient; 6KPF, 6-keto-prostaglandin-Fl,,ph.; LPS, lipopolysaccharide; parenterally (9) , and in some species induces acute lung injury resembling ARDS in humans (10) . These adverse effects appear to result from the activation of inflammatory cells and the production of secondary mediators rather than through direct cellular toxicity of LPS (9) .
In animal models of sepsis and septic lung injury the lipid agonists platelet activating factor (PAF) and thromboxane A2 (TXA) may be important mediators of injury. These autocoids are produced from membrane phospholipids upon cellular activation (1 1, 12). Inhibitors of cyclooxygenase or thromboxane synthetase ameliorate pulmonary hypertension and edema in the early phases of LPS-induced lung injury in experimental animals (10) . PAF antagonists, which block PAF receptors, markedly inhibit LPS-induced hypotension and reduce lung injury in rats receiving LPS (13) . These findings suggest that TXA and PAF may act as distal mediators (i.e., directly injure tissues) in the sequence of events induced by LPS.
The isolated perfused rabbit lung (IPL) provides a model to investigate the pathogenesis of acute pulmonary injury (14) . The buffer perfused IPL is virtually free of plasma proteins and cellular elements of blood, allowing manipulation of the system to study the effects of individual circulating cell types and mediators within the lung. In the present study we used the IPL to test the hypothesis that LPS would prime the lung for enhanced responses to PAF. While LPS produced little change in pulmonary artery pressure and no edema by itself, and PAF alone produced only mild pulmonary hypertension without edema, LPS primed the lung for marked elevation of pulmonary artery pressure and edema upon stimulation with PAF. Capillary permeability was increased in LPS treated lungs. The LPS-primed injury was associated with accentuated release of TXB and prostacyclin. The cyclooxygenase inhibitor indomethacin, as well as the thromboxane synthetase inhibitor dazoxiben, and the thromboxane receptor antagonist SQ 29,548 completely inhibited the primed-stimulation response. These findings indicate that LPS primes the lung for enhanced injury in response to an endogenous inflammatory mediator. The pulmonary hypertension in the early phases of septic lung injury may occur through LPS-primed, amplified release of TXA in response to mediators, which in the absence of LPS are relatively benign.
Methods

Materials
Gentamicin sulfate, indomethacin, papaverine, E-TOXATE, and E-TOXACLEAN were obtained from Sigma Chemical Corp., St (15) and stored in chloroform/methanol at -70°C under nitrogen.
Isolated perfused lung (IPL) preparation
New Zealand white rabbits weighing -3 kg were purchased from Franklin's Rabbitry, Raleigh, NC. The animals were anesthetized with an intramuscular injection of 20 mg of xylazine and 100 mg of ketamine and received supplemental intravenous ketamine to maintain a comatose state with spontaneous respirations. Tracheostomy was performed, the animal was paralyzed with 20 mg i.v. of succinylcholine and the lungs were ventilated for the remainder of the experiment using a small animal respirator (model 683; Harvard Apparatus Co., Millis, MA). The heart and lungs were exposed with a midline sternotomy and 500 U of heparin were injected into the right ventricle. The pulmonary circulation was cannulated and perfused with catheters inserted into the pulmonary artery via the right ventricle and left atrium through the left ventricle. The heart and lungs were removed from the thoracic cavity and suspended. The pulmonary circulation was perfused with lactated Ringer's solution containing 25 mg/liter of gentamicin. Initially, 700 ml of buffer was perfused through the system and discarded to remove the plasma and circulating blood cells from the pulmonary circulation. After this 700-ml washout a recirculating system was established with 300 ml of buffer at a constant flow of 125 ml/min through a reservoir thermostated to maintain the perfusate at 37-390C for the duration of the experiment. The initial 700-ml washout effectively removed the animal's plasma and blood cells from the pulmonary circulation. The 
Maintenance ofendotoxin-free conditions
Endotoxin content of the perfusate in these experiments were measured using the limulus lysate assay (E-TOXATE; Sigma Chemical Co.). We were able to maintain the perfusate essentially endotoxin-free (< 100 pg/ml) for the duration of the experiment (3 h). The In occasional experiments endotoxin concentrations in the perfusate exceeded 100 pg/ml. Results from these experiments were not included for data analysis.
Experimental design
The isolated perfused lung was prepared as described above. The lungs were perfused for 15 perfusate flow was maintained at 125 ml/min. This resulted in an immediate small increment in lung weight due to increased vascular filling, followed by a gradual increase in lung weight, which represents capillary leak. The rate of weight gain was measured at 128-130 min (3) (4) (5) min after PAF). Kfc was calculated using the formula: KfC = weight change (g)/time (s) X 5 mmHg X wet lung weight (g) X 10'.
Wet lung weight was not directly measured but was calculated based on the animal's body weight (16) (Table I) . In lungs perfused with LPS-free buffer, PAF treatment induced minimal weight gain (Fig. 2 ). Of six lungs given 100 nM PAF alone, two reached 40 g of weight gain and the mean weight gain for the group was 12±5 g in the hour after PAF administration. There was minimal weight gain in the 60 min after treatment with 1 nM (2±1 g) or 10 nM (10±5 g) PAF alone, with none of these lungs attaining 40 g weight gain. In the absence of LPS, PAF induced mild, transient pulmonary hypertension, with little weight gain in the IPL.
Endotoxin priming ofPAF-induced responses In contrast to the mild changes in the IPL produced by PAF or LPS alone, the combination of these stimuli resulted in dra- Treatment with LPS for 2 h markedly enhanced the development of lung edema after PAF injection. LPS potentiation of PAF-induced weight gain was most evident with the two lower concentrations of PAF examined which produced little weight gain in lungs perfused without LPS (Fig. 2) . The preparations given 10 nM PAF following LPS pretreatment developed dramatic edema, all reaching 40 g of weight gain within 10 min. Treatment with 1 nM PAF in LPS-primed lungs also induced significant weight gain compared to unprimed lungs. The net weight gain after PAF was significantly greater in lungs perfused with 100 ng/ml of LPS compared with those treated with LPS-free buffer for all three concentrations of PAF tested (Table I ). These findings indicate that pretreatment with LPS markedly enhances or primes for pulmonary hypertension and edema in response to a second inflammatory mediator, PAF.
Role ofincreased capillary permeability in LPS-primed lung edema
The occurrence of lung edema in LPS-primed lungs led us to study the mechanisms responsible for this effect. The possible etiologies for this edema include: (a) purely hydrostatic edema caused by increased microvascular pressures induced by PAF in our model which employs a buffer that lacks oncotic pressure, or (b) increased capillary permeability secondary to inflammatory lung injury produced by PAF and/or LPS. To determine if increased capillary permeability contributes to pulmonary edema in our model, Kfc was measured in the IPL. The vasodilator papaverine was added to the perfusate to block increases in capillary microvascular pressure. The rate of weight change following a 5-mmHg venous pressure challenge was measured in lungs after 2 h of perfusion with LPS-free or LPS (100 ng/ml) containing buffer with or without PAF stimulation. The calculated Kf,, values are shown in Table II. When these data were subjected to one-way ANOVA there was no significant difference in Kfc values among the four groups (P = 0.085). However, when two-way ANOVA was performed, examining the effects of LPS or PAF on Kf C, LPS administration was found to have a significant effect (P = 0.01) on Kfc independent of PAF (P = 1.00). The mean Kfc of the eight lungs given LPS (6.70) was significantly greater than lungs perfused with LPS-free buffer (1.81). These data suggest that capillary permeability is increased in the IPL after a 2-h exposure to 100 ng/ml of LPS and that when pulmonary hypertension is blocked, PAF has little or no effect on lung edema. The explosive edema formation of the LPS-primed, PAF-stimulated IPL probably occurs as a consequence of enhanced PAF-induced hydrostatic pressures by LPS in the presence of LPS-induced capillary permeability.
Prostaglandin production in the IPL LPS-priming of macrophages in vitro enhances the production ofarachidonic acid metabolites (18) . PAF-induced injury in an isolated perfused guinea pig lung, free of platelets, has been associated with release of thromboxane and prostacyclin (19 (Fig. 4) . This apparent relationship between PAP and TXB production suggests that TXA, a potent vasoconstrictor, may mediate the pulmonary hypertension produced by PAF in the rabbit IPL.
Prostacyclin. The production of 6KPF, the stable metabolite ofprostacyclin, by the IPL also increased after PAF administration. In unprimed lungs receiving 10 nM PAF 6KPF increased to 120% of pre-PAF levels at 3 min, peaked at 149% of control at 10 min and remained above 130% for 30 min after PAF (Fig. 5) . LPS-priming enhanced the production of 6KPF in the PAF-stimulated IPL. Unlike the rapid increase in TXB, 6KPF production increased gradually, reaching maximal levels (190% of pre-PAF) 10 min after PAF. Mean levels of 6KPF in the perfusate of LPS-primed lungs were more than twofold higher than those in unprimed lungs at 10 min (2.3±0.61 ng/ml vs. 1.13±0.29 ng/ml) although these differences were not significant. These results suggest that LPSpriming also enhanced PAF-induced production of the vasodilator prostacyclin.
Effect of cyclooxygenase inhibition on LPS-priming. The temporal relationship between PAP elevation and TXB production suggested that PAF-induced production of the potent vasoconstrictor, TXA, may mediate pulmonary hypertension in the PAF-stimulated IPL, as has been suggested by others (19) . This led us to examine the effect of the cyclooxygenase inhibitor indomethacin with 10 nM PAF in our model.
Thromboxane production was completely inhibited in lungs treated with 10 gM indomethacin. All samples of perfusate from these lungs contained < 50 pg/ml of TXB, below the detection level of the assay, even in LPS-primed, PAF-stimulated lungs. Prostacyclin production was also markedly inhibited (Fig. 6) . In indomethacin-treated lungs 6KPF levels did not increase above time 0 levels after PAF stimulation in unprimed lungs, and remained below 140 pg/ml in LPS-primed lungs. These data indicate that indomethacin treatment effectively inhibits the production of TXB and 6KPF in the PAF- inhibitor; A, indomethacin 10 MM; *, dazoxiben 5 qM; ., SQ 29, 548 1 ,uM. 6KPF levels were undetectable (< 0.14 ng/ml) in indomethacin-treated lungs receiving LPS and PAF. Points represent mean values. *P < 0.05 for indomethacin-PAF vs. PAF alone.
Despite its ability to inhibit TXB production, indomethacin had very little effect on the rise in PAP produced by 10 nM PAF in unprimed lungs. As shown in Fig. 7 , PAP rose to mean peak pressure of 14±3.5 mmHg and rapidly decreased toward normal in indomethacin-treated lungs similar to the response of untreated PAF-stimulated lungs (mean peak pressure 17.5±3.8 mmHg). In contrast to this, indomethacin completely inhibited the accentuated rise in PAP produced by PAF in LPS-primed lungs. The mean peak PAP produced by 10 nM PAF in these lungs, 13.6±1.6 mmHg, was significantly less than that in LPS-primed lungs without indomethacin (44±3 mmHg) but was similar to unprimed lungs with or without indomethacin (Fig. 7) . Indomethacin treatment also prevented edema in LPS-primed lungs, while weight was unaffected in unprimed lungs (Fig. 8) . These data indicate that inhibition of cyclooxygenase blocks LPS-priming of PAF-induced lung injury in the IPL suggesting that priming may be mediated through enhanced release of TXA or other prostaglandins.
Effect of specific inhibitors of thromboxane on LPS-priming. To more clearly define the role of thromboxane in the LPS-primed response, we studied the effects of an inhibitor of thromboxane synthetase, dazoxiben, and a thromboxane receptor antagonist, SQ 29,548. Dazoxiben in a concentration of 5 gM blocked TXB production in response to PAF in both LPS-primed and unprimed lungs (Fig. 9 ). In the presence of thromboxane synthetase blockade, the LPS-primed PAP response to PAF was completely inhibited (Fig. 7) . The mean peak PAP in lungs treated with LPS, 5 uM dazoxiben and 10 nM PAF was 19.8±2.1 mmHg, which was significantly less than the LPS-primed response without the inhibitor, but not different than the peak PAP in unprimed lungs stimulated with 10 nM PAF. Dazoxiben had no effect on the PAP response to PAF in unprimed lungs. Weight gain in LPS-treated lungs was also inhibited by dazoxiben (Fig. 8) .
The thromboxane receptor antagonist SQ 29,548 had similar inhibitory effects on the LPS-primed response. This compound had little effect on the levels of prostanoids in the IPL perfusates (Fig. 6, Fig. 9 ). Treatment with 1 AM SQ 29,548 blocked the LPS-primed increment in PAP after 10 nM PAF resulting in a mean PAP of 12.7±3.1 mmHg (Fig. 7) . Unlike the other inhibitors tested, SQ 29,548 caused significant inhibition of the mild pulmonary hypertension induced by 10 nM PAF in unprimed lungs (mean peak PAP 5.3±3.6 mmHg) (Fig. 7) . As with dazoxiben and indomethacin, SQ 29,548 prevented weight gain after PAF in the LPS-primed lung (Fig. 8) . These data indicate that LPS-priming in the IPL is dependent upon enhanced production of thromboxane A2 by the lung in response to PAF stimulation. 
Discussion
We have shown that the buffer-perfused rabbit lung, depleted ofcirculating blood cells and plasma, exhibits minimal change in weight, PAP, and production of TXB and prostacyclin after a 2-h incubation with buffer containing 100 ng/ml of E. coli 0111 :B4 lipopolysaccharide. However, during this 2-h exposure to LPS the lung becomes primed for an enhanced pulmonary artery pressure response, lung edema, and prostanoid production when stimulated with PAF compared to lungs perfused with LPS-free buffer. While inhibitors of cyclooxygenase, thromboxane synthetase, or thromboxane receptor blockade had little effect on PAF-stimulated, unprimed lungs, these compounds completely ablated the LPS-primed response. These findings indicate that the marked elevation of pulmonary artery pressure and secondary lung edema induced by LPS-priming is dependent upon enhanced production of TXA. Pulmonary edema in LPS-primed lungs is probably facilitated by enhanced capillary permeability induced by LPS.
The Shwartzman reaction is the classic example of hyperresponsiveness of organs and tissues to inflammatory injury following sequential administration of relatively innocuous doses of endotoxin. More recently, priming of tissues or cells for an augmented response upon stimulation with soluble agents has been described both in vitro and in vivo. Neutrophils obtained from patients with serious bacterial infections display enhanced responses when stimulated in vitro (20) . Macrophages (21) or neutrophils (6) exposed to low concentrations of endotoxin in vitro produce increased amounts of superoxide anion when stimulated with a second agonist. Concentrations of soluble stimuli that fail to elicit a response may prime neutrophils (22) , macrophages (23) , and other cells (7) for functional responses. Thus, it appears that synergism between soluble mediators, through a process of primed-stimulation may be widely applicable in the functional responses of many cell types. The concept of priming may be significant in that the magnitude of a cellular response in the whole organism could be modulated through the action of multiple mediators.
Priming by LPS may be important in the pathogenesis of inflammatory lung injury associated with sepsis and ARDS (5). Worthen et al. (24) and Haslett et al. (25) reported that LPS potentiated acute edematous lung injury in whole rabbits given chemotactic factors intravenously. In these studies, small doses of LPS (100 ng/rabbit) given intravenously caused sequestration of PMNs in the pulmonary vasculature. Treatment with LPS plus chemotactic factors induced prolonged PMN retention in the lung and resulted in edematous lung injury in response to a second injection ofchemotactic factor 6 h later. A role for PMNs was proposed in that PMNs incubated with LPS in vitro were sequestered in the lung upon infusion and edematous injury did not occur in neutropenic animals. These observations suggest that LPS primes the lung for PMN-dependent injury in the whole animal through its ability to prime PMNs An alternate explanation is that endotoxin priming in our system may be mediated through the effects of LPS on resident cells in the lung. Mononuclear phagocytes and macrophages are profoundly affected by LPS. These cells become activated when treated with LPS and are primed for increased production of toxic oxygen radicals (21) and arachidonic acid metabolites upon stimulation with other agonists (18) . LPS induces synthesis and release of tumor necrosis-alpha (TNF-a), interleukin 1 (IL-1), and interferon by macrophages. TNF-a in particular may mediate much of the systemic toxicity produced by LPS (27) .
Endotoxin also has direct effects on endothelial cells. In the presence of serum, high concentrations of LPS (1 ltg/ml) are toxic to bovine, but not canine, goat, or human endothelial cells in culture (28) . Endothelial cells cultured with LPS in the absence of serum produce IL-1 (29) and cyclooxygenase products of arachidonic acid (30) and increase expression of membrane proteins that enhance PMN adherence (31) and procoagulant activity (32) . Therefore, it is possible that endothelial cells could participate in LPS-priming, either by direct effects of LPS on these cells or secondarily through the production of soluble mediators that affect other cells within the lung. In our studies, PAF-induced pulmonary hypertension was temporally related to TXB production in both unprimed and LPS-primed lungs (Fig. 4) . Inhibitors of cyclooxygenase and thromboxane synthetase blocked TXB production but had no effect on PAF-induced pulmonary hypertension in unprimed lungs, suggesting that the rise in PAP was mediated by the direct effects of PAF on the pulmonary vasculature (1 1). In contrast to this, the marked elevation in PAP induced by PAF in LPS-primed lungs was completely blocked by inhibitors of TXB production or receptor binding. In LPS-primed lungs treated with these inhibitors, PAF elicited a rise in PAP that was indistinguishable from that seen in unprimed lungs. These findings suggest that TXA production is necessary to induce enhanced pulmonary hypertension observed in LPS-primed lungs.
Hamaski et al. found that PAF induced TXB production, pulmonary hypertension, and edema in the cell-free, buffer perfused guinea pig IPL, all of which were inhibited by indomethacin (19) . TXB release by PAF-stimulated IPL and parenchymal lung strips of guinea pigs is blocked by the PAF-receptor antagonist BN 52021, suggesting that PAF itself directly stimulates TXA production in responsive cells (33) . The cell type responsible for TXB production in the lung has .not been identified. In the whole animal or in the presence of blood, platelets are clearly the major source ofthromboxane (34) . The lungs in our experiments and others (19) (18, 35) . However, thromboxane release by these LPS-primed cells was not reported; the major cyclooxygenase products measured were PGE2 and prostacyclin. TXB is produced in rat peritoneal macrophages stimulated with high concentrations (50 ,g/ml) of LPS alone (36) and in human monocytes by 10 1Ag/ml of LPS (37). PAF-stimulated guinea pig peritoneal macrophages produce TXB as well (38) . Endothelial cells also produce prostaglandins in response to LPS but in bovine and sheep cells these are predominantly PGE2 and prostacyclin (30) , while equine cells produce small amounts of TXB in response to high concentrations (10 jsg/ml) of LPS (39) . In contrast, stimulation of bovine endothelial cells with the calcium ionophore A23187 induces significant TXB release (40). In addition, rabbit pulmonary artery strips produce TXB in response to exogenous arachidonic acid (41) . Other connective tissue cells in the lung could also be involved. Vascular smooth muscle cells produce prostaglandins (12), while cultured human lung fibroblasts have the capacity to synthesize TXB (42) . Thus in our model, any one of several cell types may be the source of the enhanced TXB release that follows primed stimulation. In preliminary studies, we do not detect amplified production of TXB by rabbit alveolar macrophages obtained from LPSprimed IPLs upon in vitro stimulation of these cells with PAF (unpublished observations).
Another question raised by our studies is the nature of the subcellular mechanisms involved in LPS-priming. LPS induces phosphoinositol turnover and protein kinase C activation (43) in macrophages, mechanisms that may mediate the primed response in other cell systems (7) . Phospholipase A2 (PLA2), a calcium-dependent enzyme that cleaves arachidonic acid from membrane phospholipids, is increased in the lungs of rats given LPS in vivo (44) . It is conceivable that increased levels of cytosolic calcium induced by PAF in the presence of enhanced PLA2 activity could augment the release of arachidonate in responsive cells. Another possible mechanism of LPS priming could be through increased synthesis and/or activation of the enzymes of the cyclooxygenase pathway or TXA synthetase itself. Recently, Frazier-Scott et al. showed that interleukin 2 induces the synthesis of prostaglandin H synthetase in human and bovine endothelial cells (45) . A similar enhancement of prostaglandin H synthetase activity might be induced by LPS itself or LPS-induced cytokines in our model, explaining the increased production of 6KPF as well as TXB. Our finding of enhancement of both TXB and 6KPF levels suggests that a proximal step in the cyclooxygenase pathway such as increased availability ofarachidonic acid may be the rate-limiting step.
Macrophages stimulated with LPS produce large amounts of the proinflammatory cytokines TNF-a and IL-1. In addition IL-1 is produced by TNF-a or LPS-stimulated endothelial cells (29) and by fibroblasts in response to TNF-a (46) . TNF-a in particular may mediate many ofthe adverse systemic effects of LPS in sepsis syndromes (27) and the combination of IL-l and TNF-a may synergistically induce inflammatory injury (47) . Induction of these protein mediators could play a role in LPS-priming through their ability to directly stimulate prostanoid production (48) or by priming inflammatory cells. We are now attempting to determine if the rabbit IPL produces TNF-a during LPS-priming and if so whether TNF-a production is necessary for LPS-primed, PAF-stimulated thromboxane release.
In our studies we found that LPS exposure caused a significant increase in capillary permeability in the IPL while PAF had little effect in the presence of the vasodilator papaverine. These data indicate another potentially important aspect of LPS-priming, and provide an explanation for the pulmonary edema associated with the primed response. LPS-induced increases in capillary permeability would allow rapid extravasation of edema fluid in response to increased microvascular hydrostatic forces that follow enhanced release of TXA. A similar sequence ofevents could occur in human (2) or animal models (9) of septic lung injury in which pulmonary hypertension, increased TXA production, and diffuse capillary leak are common early manifestations of ARDS.
In summary, our findings indicate that LPS primes the isolated perfused rabbit lung for enhanced pulmonary hypertension and edema in response to the physiologic mediator PAF. This primed-stimulation response requires enhanced production of TXA. The underlying mechanisms responsible for LPS-priming and the cells responding to primed-stimulation in the lung are currently under investigation. A better understanding of this phenomenon may provide insight into the pathogenic mechanisms involved when multiple mediators interact to induce severe inflammatory injury states such as septic shock and the adult respiratory distress syndrome.
